In 1995, Boehm predicted that by 2005, there would be "55 million performers" of "end user programming" in the United States. The original context and method which generated this number had two weaknesses, both of which we address. First, it relies on undocumented, judgment based factors to estimate the number of end user programmers based on the total number of end users; we address this weakness by identifying specific end user sub populations and then estimating their sizes. Second, Boehm's estimate relies on additional undocumented, judgment based factors to adjust for rising computer usage rates; we address this weakness by integrating fresh Bureau of Labor Statistics (BLS) data and projections as well as a richer estimation method.
Introduction
As first reported in 1995 [2] and widely disseminated as part of the Construction Cost Model (COCOMO) version 2.0 [3] , Boehm et al. predicted that the number of "end user programming performers" would reach 55 million by 2005. This number originally functioned as an estimate of the number of people who would not benefit from COCOMO 2.0, thereby bounding the applicability of that proposed model. Since 1995, numerous researchers have cited his prediction in order to motivate research into visual languages and other programming environments for scientists, secretaries, engineers, salespersons, and other non-professional programmers (for example, [5] [11] [14] [16] [20] and [21] ).
Boehm's method depends on a 1989 survey by the US Bureau of Labor Statistics (BLS) that asked each respondent about personal computer usage at work. His prediction method begins by assuming that those usage rates would not change, and it makes the simplification that all end users would eventually perform programming-like tasks. His method then copes with these approximations by incorporating undocumented multiplicative factors to adjust for the rising usage of computers and the fact that not all end users are programmers. Based on these assumptions, Boehm's method yields the prediction of 55 million.
Incorporating more recent BLS data allows us to relax some of Boehm's assumptions and update the estimate. Empirically, BLS data shows the rate of computer usage significantly rose through the 1990's [11] . Using this information, we now estimate that the end user population at workplaces in the United States is about 80 million in 2005 and will be 90 million in 2012. In contrast, for each year, BLS estimates fewer than 3 million professional programmers.
As the structure of this burgeoning end user population becomes clearer, we anticipate that broad sub-populations will emerge, each with characteristic needs and abilities. For example, while only 15% of end users reported they "did programming" at work in 2001, 62% reported they used computers for spreadsheets or databases. Some, but not all, of these end users utilized these tools for programming. Staking out the bounds of end user programmer subpopulations will allow researchers to target studies and tool-development efforts at large or interesting subpopulations, thereby helping to unlock their potential.
Section 2 of this paper examines Boehm's original context and prediction method more closely. Section 3 improves on the method by incorporating innovation diffusion theory [19] to take into account the rising rate of computer usage among American workers. Section 4 briefly describes a number of other estimates of the current end user and end user programmer populations.
The original "55 million" prediction
This section reviews the context and method that generated Boehm's prediction in order to highlight the weaknesses that we address later. Specifically, we note that Boehm's method depends on judgment-based factors to account for rising computer usage rates and the fact that not all end users are programmers.
Original context
In 1995, Boehm et al. introduced COCOMO version 2.0, an extension and elaboration of the earlier COCOMO cost-estimation framework, in order to address various shortcomings in the earlier version [2] . Many of these shortcomings had arisen due to changes in the way professional programmers performed their trade (such as the increasing focus on producing reusable modules). To accommodate these changes, COCOMO 2.0 incorporated a variety of new variables representing cost drivers ranging from "team cohesion" to "process maturity" in an attempt to better capture the details of the professional programming environment.
Many variables in both versions of COCOMO do not apply to end user programmers. These workers, who range from marketing specialists to business administrators, generally build small software. They often develop their software on their own rather than in organized teams (making the "team cohesion" variable less meaningful), and they make little attempt to apply a disciplined software development process (making the "process maturity" variable less meaningful). In the words of the original COCOMO 2.0 technical report, "The User Programming sector does not need a COCOMO 2.0 model. Its applications are typically developed in hours to days, so a simple activity-based estimate will generally be sufficient" [2] .
Boehm not only recognized COCOMO 2.0's limited applicability, but he also took pains to estimate how many future programmers would be end users having little need for COCOMO 2.0. Table 1 ).
The next step is to estimate the rate of computer usage in the workplace. This comes from Kominski's analysis of the 1989 Current Population Survey (CPS) of households (discussed in [11] ). This survey, run by BLS, included items asking respondents whether they used a computer at work. As the survey also included items that facilitated occupational categorization, it was possible to determine what fraction of each occupation's workers actually used a computer at work (as shown in the third column of Table 1 ). For example, roughly 10% of "Service Occupation" workers used a computer at work.
The third step takes these 1989 usage fractions and multiplies them against the projected 2005 occupational population sizes, then adds up the results as shown in the fourth column of Table 1 below. The result thus predicts the number of end users in 2005.
Finally, each of these rows is then multiplied by a factor to adjust for rising computer usage rates in that occupation, and then multiplied by another factor to deal with varying rates of programming-like behavior among end users of that occupation 1 . It happens that these two factors generally cancelled out, yielding a net projected end user programmer population of 55 million, not far from the 54 million shown in Table 1 .
In passing, we note that [2] also includes four predictions concerning subcategories of professional programmers totaling a projected 2.75 million for 2005. As discussed later, this is broadly consistent with information from the government: BLS data indicate there were fewer than 3 million professional programmers in 2001, and BLS projections suggest this number will remain under 3 million in 2012.
Discussion
Boehm's method multiplies occupational population projections for 2005 against computer usage rates from 1989. This method is organized around two approximations, each requiring a correction factor.
The first approximation is that all end users are practitioners of programming. Nardi defined "programming" as "behavior in which sequences of procedural instructions… are written in a language that is compiled or interpreted," then broadened her definition to include any attempt "to create an application that serves some function" [13] . Blackwell has noted [1] that a wide variety of software and consumer products do indeed allow end users to engage in programming-like activities, such as recording behavior or algorithms for playback later. Clearly, not all end users perform programming activities to the same extent. For example, claiming that browsing or emailing constitutes programming requires a fairly inclusive but esoteric view of what programming entails. One argument might be, "When you enter an email, you type a series of commands and transmitting them to a machine, which acts on those commands to decide what to display on the screen. When you browse the web, you click the mouse in a way that enters commands into the computer, which executes those instructions like any Turing machine."
There is something inherently unsatisfying about this argument. Lumping all end user programmers into one estimate misses an opportunity to add texture for guiding further research. We address this in Section 4.
The method's second approximation is that computer usage rates within each occupational category remain constant. Section 3 develops an improved approximation by extending the method to use data collected more recently than 1995.
Improving the prediction method
In this section, we incorporate innovation diffusion concepts and fresh BLS data to develop a model-based approach to adjusting for rising computer usage rates. We can then replace some of Boehm's judgment-based factors and provide a better estimate of the end user population size in 2005 as well as predictions for 2012.
Empirically, the estimate is too low
Boehm's original prediction was derived from 1989 CPS data (plus other data). In fact, BLS worked with the Bureau of the Census to collect these same CPS computer usage items on surveys in 1984, 1989, 1993, and 1997 . (The 2001 CPS also asked about computer usage, but with a slightly different wording. We will return to this issue below.) These have been tabulated to show computer usage trends for each occupational category [11] , as shown in Figure 1 . BLS's data reveal that a larger fraction of workers use a computer now than in 1989. For example, technical-sales-administration-support occupational workers reported a usage rate of almost 70% in 1997, compared to only 55% in 1989. As a result, using computer usage rates from 1989 under-estimates the total number of computer users in 2005. In fact, the CPS showed that in 1997, over 64 million used the computer at American workplaces.
Extending the prediction method
The key to extending Boehm's method is to model the salient S-shaped curve of some occupations' computer usage, which is particularly apparent for the lower four curves of Figure 1 . (The top two curves resemble the right halves of S-curves, with the left halves occurring prior to the first survey in 1984.) This "logistic curve" typifies many diffusion phenomena-ranging from the propagation of a virus through a population to the adoption of technological innovations [19] . In each case, a phenomenon of interest (such as infection) initially affects only a small fraction of the population. However, as those people interact with the population, they share the phenomenon, causing the incidence to increase until it affects virtually everybody. The rate of increase starts flat (since there are few people promulgating it) and ends flat (since the population is nearly saturated).
Although we used only four CPS data points, it is interesting to fit each curve to the theoretical functional form of innovation diffusion phenomena in order to determine where the curves might be headed in the future. (More complex functions exist for certain contexts, but it makes sense to use one of the simpler but successful forms when only four data points are available. See [19] for a discussion of other possible functional forms.) The S-shaped logistic form is
A(t) = adoption (usage) at time t K = maximum adoption m, b = fitting parameters (related to rate of adoption, and the "zero-point" of t)
A least-squares fit for each occupation's computer usage rates yields a function approximately describing how usage will develop in the future.
As with Boehm's original method, we can multiply these now-improved usage estimates against occupational head counts to estimate the total number of end users in the future. For example, inserting t=2005 into the fitted functions and multiplying by actual January 2005 CPS occupational head counts [4] reveals that approximately 81 million people currently use computers at American workplaces, as shown in Table 2 . (Note that the January 2005 CPS does not include computer usage questions, only occupational and other "basic" items.)
Predicting the end user population's future size requires projections of future occupational head counts. Unfortunately, BLS only issues projections for one year per decade; hence, the only projection available is for the year 2012 [9] . We insert t=2012 into the fitted functions to predict computer usage rates for 2012 and multiply each rate by the corresponding projected head count. As shown in Table 3 , this yields the prediction that approximately 90 million American workers will use a computer at work in 2012. These estimates illustrate an enhanced method for use in generating estimates of end user populations. It has removed the judgment-based factors that adjusted for rising computer usage rates; instead, this method assumes that computer usage rates can be modeled by a simple innovation diffusion curve. Such an assumption is somewhat suspect, in part because it presumes that the innovation under discussion (here, the computer) does not change substantively during the course of diffusion. This is, of course, not true: computers continually increase in power and utility. Hence, future computer usage rates will likely exceed those indicated by the foregoing model. Therefore, 90 million represents a lower bound for the number of American end users in workplaces in 2012, any of whom might perform programming-like activities.
Comparisons to other counts
The BLS always asks about occupation in the CPS. Moreover, in addition to computer usage at work, home and school, the 1989 and subsequent CPS's asked about software usage. These data reveal that the number of end users potentially programming vastly exceeds the number of professional programmers, and indeed exceeds the number of self-reported end user programmers. End users evidence a diversity of software usage practices at work and outside work.
Other counts of end users
Other counts of end users provide a way to check the method that we have developed. In the past, researchers produced at least two alternative counts of the end user population, each of which agrees well with comparable estimates generated by our method.
The first alternative count is the 2001 CPS. As briefly mentioned earlier, we did not include the 2001 CPS computer usage data in the fit discussed above. Unfortunately, the question's wording changed from "Do you directly use a computer at work?" in 1997 and prior years to "Do you use a computer at your main job?" in 2001 [4] . Under this new wording, the computer usage rate shot up sharply between 1997 and If we redo our model, using the 2001 survey as another data point and fitting the farming data to an exponential rather than logistic curve, the resulting model would cause us to revise our 2012 prediction slightly upward to 96 million end users in American workplaces, rather than 90 million. The second alternative count of the end user population is a Forrester survey commissioned by Microsoft in 2003, which indicated that 129 million people between ages 18 and 64 used a computer in American workplaces or homes [7] . If we plug t=2003 into our model and multiply by actual 
Counts of professional programmers
Boehm predicted that professional programmers would number around 2.75 million by 2005 [2] , and that prediction has proven roughly correct. According to CPS data, the total number of American "computer scientists and systems analysts," "computer programmers," and "computer software engineers" ranged from 2.0 to 2.5 million between 2000 and 2005 [4] . Moreover, BLS projects that the total number of programmers in these categories will remain under 3 million through 2012 [9] . Clearly, professional programmers currently constitute, and will continue to constitute, a tiny minority of all computer users.
Counts of end user programmers
CPS interviews since 1989 have included a number of questions revealing software usage trends in the workplace end user programming population:
"Do you do programming?" (1989, 1993, 1997, 2001 ) "Do you use spreadsheets?" (1989, 1993, 1997) "Do you use databases?" (1989, 1993, 1997 ) "Do you use spreadsheets or databases?" (2001) The data reveal that usage of end user programming environments grew steeply throughout the 1990's. Specifically, around 10% of American end user workers reported "using spreadsheets" in 1989, and by 1997 this had risen to over 30%. Likewise, around 10% of American end user workers reported "using databases" in 1989, and by 1997 this had also grown to over 30%. Over the next four years, usage of end user programming environments continued to explode, with over 60% of American end user workers reporting that they "used spreadsheets or databases" in 2001. This amounted to over 45 million end users of spreadsheets or databases in American workplaces.
In contrast, the proportion of American end user workers reporting they "do programming" has remained relatively constant, rising from around 10% in 1989 to only around 15% in 2001 (about 11 million end users). While this number still greatly exceeds the number of professional programmers, it does not approach the number of spreadsheet and database users, any of whom might be said to "write programs." In fact, in 2001, only 20% of workers who "used spreadsheets or databases" indicated that they also "do programming." (While the foregoing discussion has focused on aggregate rates, averaged over all occupational groups, the same striking trends and contrasts appear upon consideration of each occupational group individually.) Two hypotheses could account for the growing divergence between the number of self-reported end user programmers and the number of spreadsheet/ database users.
One possibility is that many end users do create programs using spreadsheets and databases, but that they prefer not to use the term "programming" to describe their own activities. In such a case, simply asking end users whether they "program" will provide little guidance on whether or how to improve end user software development environments. Instead, we must identify the key stumbling blocks and key opportunities within programming and then specifically study those aspects of end user practice. We have argued in a separate paper [17] that the use of abstraction can facilitate or impede achieving key software engineering goals and that therefore this aspect of end user programming deserves additional study in order to guide further tool development.
Another hypothesis is that many end users rely on spreadsheets and databases as a place to store information but generally do not create programs in those environments. There is some support for this hypothesis: Hall's study of spreadsheets created by well-educated Australian workers found that only 47% used the "if" function [7] , while Fisher and Rothermal's survey of spreadsheets on the web revealed that only 44% contained any formulas at all [6] . These numbers suggest that approximately half of spreadsheet users use conditionals or formulas to create programs, which is consistent with a very broad definition of "programming" by end users.
If spreadsheet/database usage rates stay constant or rise, then at least 60% of our projected 90 million American end user workers in 2012 will utilize spreadsheets or databases (as reported in the 2001 CPS mentioned earlier). If half of these write programs, then we expect that in 2012, around 25 million spreadsheet and database end users could be programming. In contrast, if only around 15% of end users continue to report they "do programming," then the number of self-reported end users will number around 13 million.
Additional data collection concerning this large population, particularly studies with a tightly focused definition of "programming," should help to clarify what end users are creating with their programming environments and how to improve those tools.
Counts of end users outside workplaces
In the 1997 and 2001 questionnaires, BLS asked about computer usage by people at home and school [4] . They also asked about software usage at home. The data reveal a large population of home and school end users whose needs differ from the population of end users at work. In particular, relatively few people use spreadsheets or databases outside work.
Although the total number of computer users outside work is growing, a decreasing fraction of them utilize spreadsheets or databases. Specifically, in 1997, approximately 37 million people did not use a computer at American workplaces but did use one at home or school. Of these, approximately 19% (7 million) used spreadsheets or databases at home. By 2001, this had shrunk to approximately 13% (13 million out of approximately 101 million people) [4] .
In contrast, during the same time period, the fraction of workplace end users who utilized spreadsheets rose sharply from 32% to 62% (21 of 64 million in 1997, to 45 of 73 million in 2001).
In short the large population of end users at home and school utilizes spreadsheets and databases at a lower rate than end users at work, and this divergence is rapidly growing. We expect that end users of different populations have differing needs, interests, and capabilities. Ideally, research will yield a diversity of environments to help these populations attain the most value possible with respect to personal needs.
Conclusion
We extended the "55 million" estimation method by modeling rising computer usage rates. We predict that 90 million American workers will use computers in 2012, significantly exceeding the 3 million anticipated professional programmers. We project that in 2012, over 13 million workers will "do programming" in a self-reporting sense; however, based on spreadsheet and database usage, it seems likely that the number of end user programmers will be much higher. Consequently, end user programming environments will remain a vital research area for many years.
In the future, we will perform additional analyses of the CPS data, as well as collect and analyze new survey data, in order to better understand the software usage of end users. We anticipate that more precise estimates and characterizations of end user practices will help researchers target further work in developing languages and tools to assist end users in programming tasks.
